Abstract-In this paper, the authors perform HF analysis of a thin horizontal conductor fed in its center, and arbitrarily positioned above lossy homogeneous ground of known electrical parameters. The approach is based on the electric-field integral equation method, and formulation of the Hallén's integral equation. This equation is then solved for the current using the pointmatching method. The Sommerfeld's integrals that express the influence of the lossy ground, and that appear in these calculations, are solved approximately. Thorough analysis is performed in order to observe the influence of different parameters of the geometry and the ground on current distribution in the specified frequency range. Furthermore, the verification of the method is done by comparison with the exact model based on the full-wave theory.
INTRODUCTION
The estimation of the influence of the lossy homogeneous soil (LHS) on the near-field characteristics of radiating elements positioned in its close proximity has been intensively studied [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . A number of approaches have been applied in that sense, ranging from the exact full-wave based ones [4, 5, [13] [14] [15] [16] to different forms of approximate, less time-consuming ones, [1-3, 6, 8-16] . Although the approximate methods introduce a certain level of calculation error, their simplicity is of interest in the EMC studies. For that reason, finding an approximate, but satisfyingly accurate method, applicable to wide range of parameters of the ground and geometry, and in the desired frequency range, is often a goal of researches conducted in this field.
In this paper, authors apply one such method that is based on the numerical solution of one formulation of the electric field integral equation, the Hallén's integral equation, using the point-matching method, [7] . This way obtained system of linear equations involves improper Sommerfeld's integrals that are here modelled by the so-called TIA and OIA models (two-and one-image approximations) proposed in [8] [9] [10] [11] [12] . As a result, the current distribution is obtained in a wide frequency range (10kHz-10MHz) for different ground conductivities, and positions of the thin wire conductor. The results are compared to corresponding ones from [13] where the authors based their exact model on the full-wave theory, solving the mixed potential integral equation by the method of moments, [13] [14] [15] [16] . 
II. MATHEMATICAL MODELLING
Let us observe a thin wire horizontal conductor fed in the middle (l 1 =l 2 =l) with two halves having equal cross-section radius (a 1 =a 2 =a), as shown in Fig. 1 . The conductor is positioned in the air at arbitrary height h above LHS of known electrical parameters. In order to calculate the current distribution along the observed conductor, the integral equation of Hallén's type is formed satisfying the condition for the tangential component of the electric field on the conductor's surface, [9] [10] [11] [12] : 
and
in (1) and (2) presents the standard potential kernel, while the first terms in both integrands of (3a-b) represent spectral reflection coefficients:
γ i -propagation constant and σ i -equivalent complex conductivity of the i-th medium;
refractive index (in the air: γ 0 =jβ 0 );
; and α -variable over which the integration is done. Two simple approximate solutions of Sommerfeld's integrals (3a-b) have been previously proposed by the second author and are applied in this paper. Let us assume (4a) in the TIA (twoimage approximation) form, [8] , [12] : 
where 2 2 2 ) (
. Now, assume (4b) as:
where h B , h A 1 and h d -unknown complex constants. After matching (4b) and (7) at points ∞ → 
The integral equation (1) is solved applying the pointmatching method [7] while adopting the entire domain polynomial current approximation for the current, [3] :
where I m , m=0, 1, … M, are complex current coefficients.
III. NUMERICAL RESULTS
Firstly, results for the current distribution's magnitude and phase are given in Fig. 2 and Table I . The conductor is 2l=20 m long with the cross-section radius of a=0.007 m, and it is placed at h=1.0 m above lossy ground with electrical permittivity ε r1 =10. In this case, the variable parameter is the frequency that takes values from a wide range of importance for EMC studies (10 kHz to 10 MHz). In Fig. 2 , the current magnitude and phase along a half of the conductor are shown against the values from [13] for the case of the specific conductivity of σ 1 =0.001 S/m. The results of more extensive analysis can be observed from Table I that lists values of the current magnitude and phase at four different points along a half of the conductor, and for three different values of the specific conductivity of the ground, σ 1 =0.001, 0.01, 0.1 S/m.
Further, the influence of the conductor's position on the current distribution has been analyzed. The results are graphically illustrated in Figs. 3-5 together with the ones from [13] . Three cases were observed that correspond to heights h=0.1, 1.0, 5.0 m. The current has been calculated at frequency of 10 MHz, and each figure set corresponds to a different value of the specific conductivity (σ 1 =0.001, 0.01, 0.1 S/m). Dimensions of the conductor are the same as previously.
Next example deals with the dependence of the current magnitude and phase, calculated at the conductor's feeding point (A in Fig. 1 ), on the frequency in the range from 10 kHz to 10 MHz, Figs. 6-8. Each figure set corresponds to a different value of the specific conductivity (σ 1 =0.001, 0.01, 0.1 S/m). The influence of the conductor's position in the observed frequency range has also been incorporated through a variable parameter h denoting the height above the ground, and taking values: h=0.1, 1.0, 5.0 m.
Finally, current distribution's magnitude and phase at frequency of 10 MHz, can be observed from Fig. 9 . The conductor has the same dimensions as previously, and it is placed at h=1.0 m above lossy ground with electrical permittivity ε r1 =10. The value of the specific conductivity has been taken as a parameter that takes values: σ 1 =0.001, 0.01, 0.1 S/m. Comparison has been done with the corresponding results from [13] . IV. CONCLUSION Approximate method for the analysis of a horizontal centerfed thin wire conductor has been applied in this paper for the purpose of the current distribution evaluation in the case when the conductor is positioned in the air at arbitrary height above finitely conductive ground that can be treated as a homogenous medium. The goal of the paper was to inspect the validity of the applied method in the cases of interest for the EMC studies.
Therefore, the analysis has been performed in a wide frequency range, and for different positions of the conductor, as well as for various values of the soil's conductivity. It has been proven, based on the comparison with the exact model applied in [13] [14] [15] [16] , that the methodology used here yields very accurate results in the observed parameters' ranges. This indicates the possibilty of applying such method for analysis of different wire structures located in the air above LHS, and more importantly, even very close to the ground where the finite conductivity's influence is the greatest.
